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ABSTRACT 

This report describes a technique for implanting central venous and 
aor t ic  catheters via the jugular veins and carot id ar ter ies in miniature 
swine and the device designed and u t i l i zed  to protect these catheters. 
Such indwell ing catheters were easi ly  maintained for fourteen (14) days 
in unrestrained, free-roaming pigs while serial  blood sampling, pressure 
recording, electrocardiographic monitoring, and cardiac output measuring 
were conducted and infusion of precise amounts of f lu ids  or drugs admin- 
i s t e r e d . -  
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DEVELOPMENT OF A BIO-PAC FOR CARDIAC EVALUATION 
OF PORCINE RESEARCH ANIMALS 

INTRODUCTION 

Swine are of particular interest for cardiovascular research because 
they have many physiologic characteristics that are similar to man, 1 2 and 
are subject to a number of naturally occurring cardiovascular diseases. 3 
For many of these experiments i t  is necessary to evaluate cardiac function 
in conscious, unrestrained, free-roaming pigs, and this presents several 
problems. I t  is usually necessary to insert catheters into centrally lo- 
cated blood vessels to take serial blood samples, record pressures and 
assay cardiac output. I t  is also important that these catheters be pro- 
tected to prevent damage due to the rubbing or scratching of the animal 
and to minimize the distortion from the normal motion of the animal. Such 
requirements have fostered several techniques for implanting arterial and 
venous catheters. 4-8 Each has some l imit ing factor. This is a description 
of a method for implanting and protecting catheters (Bio-Pac) that we have 
designed and uti l ized which has eliminated most of the problems and is sim- 
ple, effective, and economical. 

METHODS AND MATERIALS 

Thirty-f ive (35) male and female adult (20 to 26 months old and weigh- 
ing 60.7 kg + 12.7) and young (5 months old and weighing 21.7 kg + 3.3) 
Minipigs* were used for this experiment. They were housed in 4 x 16 foot 
concrete floor-wire enclosed runs (one or two per run) that were equipped 
with self-watering devices. The pigs were fed twice daily with commercial 
pellet pig feed. They were quarantined and verified to be healthy and 
free of internal parasites prior to" use in this study. The animals were 
handled frequently by the investigators and vivarium personnel. 

After an overnight fast each animal was premedicated with atropine 
(0.8-I.5 mg) and Innovar-Vet** (Icc per 20 pounds), entubated, and anes- 
thetized with Halothane U.S.P. The appropriate area of the neck of the 

*Modified Pitman-Moore Strain of Miniature Swine, Vita-Vet Laboratories, 
Marion, IN 46452 

**McNeil Laboratories, Ft. Washington, PA 19304 



animal was cl ipped with a #40 c l ipper  head, and the exact locat ion of 
catheter s i te  and our protect ive device (Bio-Pac - See Figures 1 & 2) was 
marked. Care was given to planning the placement of the Bio-Pac high 
enough on the la te ra l  neck to al low a normal range of head and neck motion 
while permi t t ing the inves t iga tor  free access to the Bio-Pac while the an- 
imal was standing or ly ing  on e i ther  side. 

The operat ive area and the area of attachment of the Bio-Pac were pre- 
pared with a surgical  detergent scrub and an app l ica t ion of an iodine so- 
l u t i on .  Ei ther side could be u t i l i z e d .  With the animal in a semidorsal 
recumbent pos i t ion ,  a I0 cm inc is ion  was made in the middle one- th i rd of 
the an ter io r  neck para l le l  to and s l i g h t l y  la te ra l  of the ventral midl ine 
(See Figure 3). Using blunt d issect ion,  the carot id ar tery  and the in-  
ternal or external jugu lar  vein were i den t i f i ed  and isolated with umbil- 
ical  tape. Two 24-inch 16 gauge In t racath*  catheters ( f i l l e d  with d i l u te  
haparinized sal ine and secured with stopcocks) were introduced through a 
separate stab wound in the upper la te ra l  neck and passed through a subcu- 
taneous tunnel to the operat ive area. The catheters then were implanted 
in to the appropriate vessels (via a small transverse inc is ion  using a 
catheter in t roducer** )  and passed un t i l  the t i p  ( factory shaped end) was 
approximately in the superior vena cava (venous) or the arch of the aorta 
( a r t e r i a l )  and secured with heavy s i l k  sutures (See Figure 3). More ac- 
curate placement was made using radiography, ECG monitor ing, or wave forms 
from pressure transducers. The superior aspect of each vessel was l igated 
in place. The wounds were closed with in terrupted ve r t i ca l  mattress wire 
sutures. 

The Bio-Pac was sutured in i t s  predesignated place using six #24 
gauge wire sutures. The catheters and three-way stopcocks were af f ixed 
to the template with pre-placed heavy sutures (See Figure I ) .  The cath- 
eters were flushed with d i l u te  heparinized sal ine and the protect ive cover 
appl ied. 

The animals were permitted to recover and s tab i l i ze  for  24 to 48 hours 
in t he i r  runs before any studies were performed. The Minipigs then were 
t ransferred to a modified metabolic cage (See Figure 4). Serial blood 
samples, cardiac output determinations (dye d i l u t i o n  method) and blood 
pressure and pulse recordings were obtained. The notched opening permitted 
intravenous f l u ids  to be administered continuously with the protect ive cover 

*Deseret Pharmaceutical Co., Catalog No. 3182, Sandy, UT 84070 
**Becton-Dickinson, Rutherford, NJ 07070 



~k 

#c 

A 
Figure I .  Open Bio-Pac showing the exact location of catheter 
site and protective device, the method of affixing the catheters 
and stopcocks, and the simplicity and versat i l i ty  of using the 
Bio-Pac. The steri le caps on the three-way stopcocks have been 
removed for this photograph. 
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INCISION 
SHOWN 

ON DETAIL 

FIGURE 3. Schematic drawing of catheterization procedure showing 
relative position of the incision, the location of the catheter 
tips within the vessels, and the ingress of these catheters to the 
Bio-Pac (A = Venous; B = Arterial). 



C A T H E T E R  
TO 

J U G U L A R  

I ' R A C H E A  

C A T H E T E R  
TO 

C A R O T I D  

DETAIL 
FIGURE 3A. Detailed Incision 



FIGURE 4. Modified Metabolic Cage. The door was designed 
to provide easy access to both upper and lower areas of the 
animal. The cage is also equipped with an adjustable wooden 
squeeze baffle. 



in place (See Figures 1 & 2). ECG monitoring via permanently implanted 
stainless steel wire electrodes and physiological monitoring was conducted 
by means of a commercial system.* 

The major i ty  of these animals were prepared for  use in other studies 
which required central venous and a r te r i a l  catheters. Their catheters 
were maintained patent and funct ional by f lushing with d i l u te  heparinized 
sal ine at least twice da i l y .  Several animals had more than one set of 
catheters implanted. In these select animals, the or ig ina l  neck wound 
was reopened to af ford d i rec t  visual l i ga t i on  of the vessel from whence 
the catheter was removed. Following wound closure the ent i re  procedure 
was repeated on the opposite side u t i l i z i n g  another set of catheters and 
Bio-Pac. Following the studies, a necropsy was performed on a l l  animals. 

RESULTS 

There was no adverse reaction to the procedure or anesthesia. The 
Bio-Pac shown in Figures 1 and 2 was used to protect the catheters. I t  
proved to be sturdy and withstood the repeated contacts with the expanded 
metal metabolic cage doors (See Figure 4), the wire enclosed runs, auto- 
matic waterers, and other animals. The double pinned protect ive cover 
permitted easy access e i ther  by removing one pin and f l i pp i ng  the Bio- 
Pac open (See Figure I ) ,  or by withdrawing both pins and removing the 
ent i re  protect ive cover. The cost was under f i f t y  do l la rs ,  including 
the material and the f ive hours of labor required to fabr icate the Bio- 
Pac. 

The Minipigs adapted easi ly  to the Bio-Pac and to the metabolic cages 
with minimal t ra in ing .  The heart rate monitored during the manipulation 
of the Bio-Pac general ly showed no change ind icat ive  of excitement a f te r  
the i n i t i a l  handling. 

The wire sutures used to attach the Bio-Pac were strong and evoked 
l i t t l e  or no inflammatory react ion from the animal. Occasionally, with 
large and very act ive animals, a suture would break or pul l  through. These 
were eas i ly  replaced under local anesthesia, leaving the Bio-Pac undisturbed. 

The p las t ic  three-way stopcocks permitted easy access and control of 
both a r t e r i a l  and venous catheters. Various sized disposable syringes, the 

*Model 410, Tektronix,  Inc . ,  S.W. Mi l l i kan  Way, P. O. Box 500, Beaverton, 
OR 97005 



blood pressure transducers and standard intravenous tubing could be connect- 
ed to these stopcocks. Patency and funct ion were maintained by per iodic 
f lushing of each catheter with d i l u te  heparinized sal ine. 

Aort ic  pressures, central venous pressures and cardiac outputs were 
recorded. Typical pressure readings and cardiac output wave forms are 
shown in Figure 5. Serial a r te r i a l  and venous blood samples for  blood 
gases, chemistr ies, hematology, e tc . ,  were s a t i s f a c t o r i l y  obtained from 
these catheters. Intravenous f lu ids  were given in varying amounts wi th-  
out complications. 

25 ,o .... :::i:::: 2 
7 U 5 15 20 ~conds 

100 O CARDIAC OUTPUT 
tJ 

75 

50 

25 

0 

ARTERIAL PRESSURE 

PULSE : 114/MINUTE 

ECG INTRAVENOUS 

FIGURE 5. Typical Data Recordings 



Animals necropsied before seven days showed minimal react ion to the 
catheters.  The major i ty  of the Minipigs were necropsied I0 to 14 days 
a f t e r  implant and general ly  had a f ibrous react ion around the catheters 
which prevented easy d is loca t ion  of the catheters.  

At necropsy the pos i t ion of the catheter t ips  was observed. The ma- 
j o r i t y  of the venous catheters were in the superior vena cava l to 3 cm 
from the r i gh t  a t r i u m . . O c c a s i o n a l l y ,  the catheter  t i p  was found in the 
i n f e r i o r  vena cava, r i gh t  atr ium, r i gh t  ventr i( : le~ or pulmonary a r te ry .  
The a r t e r i a l  catheter t i p  usual ly  was in the arch of the aor ta,  but could 
occasional ly  be found in the ascending or descending thoracic aorta or in 
the l e f t  subclavian a r te ry .  

DISCUSSION 

The increased popu lar i ty  of miniature swine in biomedical research 
has required experimental techniques that  arP l i g h t l y  d i f f e r e n t  from the 
ones used for  other research animals. The evo uat on of cardiac funct ion 
is an important aspect in many experiments, but the r e l a t i v e l y  unaccess- 
ib le  peripheral vessels are a d e f i n i t e  disadvantage for  studying systemic 
venous and a r t e r i a l  pressures, 9 cardiac output,  an~ ser ia l  blood sampling 
as well as for  administer ing intravenous f l u ids  and drugs. For th is  rea- 
son i t  is necessary to implant a r t e r i a l  and venous ca%neters. 

The procedure for  implanting central ver~ous ,~nd aor t i c  catheters has 
beer~ descr ibed, '  .... although i t  is no~t witho.JI , . ~ ;  :,~:;L,!ems. L inzel l  
stresses the tendency of the a r te r ies  of the ; ~,,~5 "L ~pas!i',, and the layers 
of the wall to s t r i p ,  as the catheter is pas:<ci ,Jov~-~. For th is  reason 
we used as i i t c l e  manipulation as possible ~ ,.~s~:~, ~ ,,~,~ the catheter and 
always used the fac tory  prepared catheter Lip. This ,_~]so avoided the 
problem experienced by other of ]oss of patent}; ...... ~ ~"~ ~,,_,~u,,_~,J uy a va lve - l i ke  
closure of the vessel wall over the precut acute ~Tqied catheter t i p . "  
Uni la tera l  occulsion of one carot id  or jugular  vein seldom leads to i l l -  
e f fec ts ,  v ~ However, the carot id  ref lexes u.~ ~ ~ ....... 7t la! problem, at 
least  in theory. ~z We did have some t rans ien t  arabia i~ a few of the an- 
imals with b i l a t e r a l  occulsion for  ca the te r i za t i on .  

The motion of the catheters through the wound was minimized by al low- 
ing small loops of catheters to remain wi th in  the neck inc is ion  and by 
placing the ingress of our Bio-Pac d i r e c t l y  over the s i te  of ex te r i o r i za -  
t ion  of the catheters.  The use of the punch biopsy and cannula described 
by Chr is t ison and Curt in 4 great ly  s imp l i f i es  the subcutaneous passage of 
the catheters.  

lO 



The major problem then is protecting the external connections of the 
catheters. 7 Adhesive tape and stockinet has been used to protect cathe- 
ters and flow prebe leads. These catheters were exter ior ized ei ther on 
the back of the neck or on the lateral  side. 9 This would seem to be a 
vulnerable system even though the i r  experiments were of long duration. 
Christison and Curtin 4 used tag cement to attach the catheter to the side 
of the neck and covered i t  with adhesive tape. This required recl ipping 
and cement attachment renewal. In addit ion, the animals required ind i -  
vidual smooth-sided pins to prevent dislodgment. Mount ~ has described 
a harness and small box carried on the animal's back in which connections 
can be made to indwelling catheters or to a radio transmit ter for telem- 
etry. There was some movement of the catheters which prevented complete 
wound healing. Harnesses have been unsatisfactory in our experience be- 
cause of extensive motion in normal f i t t i n g  apparatus or respiratory re- 
s t r i c t i on  in snug f i t t i n g  harnesses. Linzel l  G uses small metal plates 
fixed to the skin, one inside and the other outside, and a metal box 
fixed to the skin, which can be closed over catheter holes. Our metal 
protective box (Bio-Pac) u t i l i zes  the best features of these methods to 
give a sturdy, simple, and economical, yet extremely versat i le  system of 
protecting the implanted catheters. When properly located the Bio-Pac 
caused no impairment to the experimental animal. I t  was not necessary 
to keep the animal wearing a Bio-Pac in an individual or especial ly pre- 
pared pin. Automatic waterers, feeding pans and pal lets could be l e f t  
in place. Other animals did not chew on the Bio-Pac as they did on har- 
nesses, plaster,  and tapes. Likewise, there was l i t t l e  or no movement 
of the catheters through the wound to carry infect ion into the body. 
The design of the Bio-Pac permitted easy access ib i l i t y  to the catheters 
both in the runs and in the metabolic cages, and was a major factor in 
simpl i fy ing cardiac evaluation. Although not performed in th is experi- 
ment, the Bio-Pac was designed to permit placement of telemetry equipment 
within by attaching i t  to the template or the cover. 

The catheters were connected to blood pressure transducers, cardiac 
output apparatus, syringes, and intravenous tubing. I t  was not the ob- 
jec t ive of th is paper to report a s ta t i s t i ca l  analysis of these resul ts ,  
but rather to emphasize the ease with which a l l  these procedures could 
be accomplished under s te r i l e  condi t ionsusing our method. The cardiac 
output, heart rate, and systemic pressures, however, did compare to the 
l i te ra tu re .8  t2 

At necropsy the location of the catheter t ips was of primary impor- 
tance for comparison with the method of placement and accuracy of data. 
With experience the catheter t i p  location could be estimated, but f luoro-  
scopy or radiographs gave the most accurate placement and are to be recom- 
mended. Wave forms from the pressure transducers at the time of catheter 

I I  



implantat ion could also be used with some degree of accuracy as could an 
intravenous ECG. The fi'brous reaction present around the catheters and 
compensatory enlargement of the major blood vessels were expected f ind -  
ings. 

CONCLUSIONS 

A simple sturdy metal box (Bio-Pac) was designed and u t i l i z e d  to pro- 
tect  the indwel l ing central venous and a r te r i a l  catheters in miniature 
swine. 

These indwel l ing catheters were easi ly  maintained for  14 days in un- 
restrained, free-roaming pigs. 

Serial blood sampling, pressure recording, ECG monitoring, and car- 
diac output measuring were conducted, and the infusion of precise amounts 
of f l u ids  and/or drugs could be administered. 
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